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PEMPIDGUS ANTIBODIES: THEIR ROLE IN DISEASE* 
W. MITCHELL SAMS, Ja., M.D. AND ROBERT E. JORDON, M.D.t 
ABSTRACT 
Transfusion of human pemphigus plasma into four monkeys failed to produce disease or 
lesions in spite of strong binding of antibody to the epidermal intercellular space. These ex-
periments cast doubt on the direct role of pemphigus antibodies in the pathogenesis of this 
disease. 
The recognition that patients with pemphigus 
often have a serum antibody for the intercellular 
space of epithelial membranes has provided the 
clinician with an important adjunctive test for 
the diagnosis. The fact that the intercellular 
space is also the site of pathologic findings on 
light and electron microscopy in this disease 
( 1, 2) has raised the question of whether these 
antibodies play a pathogenetic role. 
The present study was designed to examine 
this question. Rhesus monkeys were transfused 
with plasma from patients with pemphigus, and 
the binding of antibody to the monkey skin fol-
lowed by the immunofluorescent technique. 
METHODS AND MATERIALS 
Plasma was obtained by plasmapheresis from 
three patients with pemphigus vulgaris and stored 
at -70 C until used. The storage time was as fol-
lows : 9 weeks for plasma 1, 18 weeks for plasma 
2, and 8 or 20 days for plasma 3 (transfused into 
two different monkeys). 
Monkeys. Rhesus monkeys, weighing 13 to 15 
kg, maintained on a standard diet and housed in 
metal cages, were anesthetized with sodium pento-
barbital prior to transfusion. Only three monkeys 
were used for the four e:>:periments since the same 
monkey was used fo r experiments 2 and 3, which 
were performed 10 weeks apart. 
Tranjusiom . A volume of human plasma equal 
to 12 to 25% of each monkey's total plasma vol-
ume was transfused by intravenous drip over a 3-
bour period. Cross matching was not necessary. 
Biopsy. Specimens were obtained with a 4-mm 
rotary punch either while the monkeys were 
anesthetized with sodium pentobarbital or locally 
with Xylocaine. 
Immunofluorescence. lgG and fJ,.jp,. fl uorescein 
Received January 28, 1971 ; accepted for publi-
cation February 2. 1971. 
This investigation was supported in part by 
Training Grant AM-5299 from tbe National Insti-
tutes of Health, Department HEW. 
• From the Department of Dermatology. Mayo 
Clinic and Mayo Foundation, Rochester, Minne-
sota 55901. 
t Mayo Graduate School of Medicine, University 
of Minnesota, Rochester, Minnesota. 
conjugates were obtained commercially (Hyland). 
Both direct and indirect immunofluorescence were 
carried out by methods previously described in 
detail (3, 4). 
Traumatizaticn of skin. Because trauma might 
cause the development of lesions that might not 
arise spontaneously, several procedures were cnr-
ried out either to traumatize the skin directly or 
to cause an influx of inflammatory cells into the 
dermis. These procedures were performed during 
the period of strongest antibody fixation to the 
intercellular space. In addition, the skin of three 
control animals was traumatized in a similar 
fashion. The procedures used were as follows: 
1. A single area of the skin of one leg on each 
monkey was rubbed vigorously with the thumb 
for 1 minute daily fo r the first 3 days after trans-
fusion. The pressure used was sufficient to have 
resulted in a positive Nikolsky sign in a patient 
with pemphigus. 
2. In one monkey an area of the leg 2 em in 
diameter was irradiated with mid-ul traviolet ra-
diation of an intensity sufficient to cause a bright 
erythema. A specimen for biopsy was removed 24 
hours later. 
3. Intradermal injection of 0.05 ml of collagen-
ase (clostridial, Sigma) (2 mg/ml) or 0.05 ml of 
elastase (pancreatic, Sigma) ( 1 mg/ ml ) was fol-
lowed 5 hours later by biopsy of the skin. 
4. Sodium Iaury! sulfate (SLS) (10%) was ap-
plied to the skin and biopsy of the area was car-
ried ou t 5 hours later. 
5. Dinitrochlorobenzene (DNCB) (0 .1 % in ace-
tone) was applied to the skin of two animals 
which had been sensitized previously to this com-
pound. A specimen for biopsy was obtained 24 
hours later. 
RESULTS 
The results are summarized in the Table. The 
following observations are readily apparent: 
1. The antibody binds rapidly to the inter-
cellular space of the epidermis and epidermal 
appendages (Figs. 1-5). Within the first day the 
antibody binds to the intercellular space be-
tween basal cells (Fig. 2). T he area of binding 
moves upward progressively until several cell 
layers a re involved (Fig. 3). 
Z. Binding of the third component of com-
474 
ROLE OF PEMPHJGUS ANTIBODIES IN DISEASE 475 
TABLE 
Summary of four experiments* 
Sampling time Esperiment 1 (tiler of Experiment 2 (titer of Experiment 3 (titer of Expecim<nt 4 (titer of plasma~ 1: 320) plasma ~ 1:320) plasma~ 1: 1,280) plasma ~ 1: 1,280) 
Day Hours D" I G I Indirect uect g l gG titer D. r G I Indirect uect g IgG titer Direct lgG I Indir<ct IgG titer Direct TgG I Indi~t JgG titer 
---
Control Control Control Control 
0 0 Neg I 0 Neg I 0 Neg I 0 Neg I 0 
TTansfusion of .50 ml Transfusion of 70 ml Transfusion of 80 ml Transfusion of 100 mJ 
0 3 160 Neg 320 Neg 320 ± 160 
1 18 2+ 160 I+ 320 1-2+ 320 2+ 80 
2 42 3+ 80 ± 160 2+ 1()0 1+ 80 
3 G6 3+ 0 Neg 160 1-2+ 80 H 80 
4 90 2+ 0 Neg 40 2+ 80 1+ 80 
Transfusion of 35 mJ 
4 93 Xeg 80 
7 ( 1()2 2+ 0 Neg 80 1-2+ 80 1+ 40 
186 Neg 40 H 80 H 20 
\) 210 1+ 0 Neg 20 H 40 Neg 20 
11 258 Neg 0 Keg 20 Neg 40 Neg 20 
H 330 Neg Neg 0 Neg 20 
Transfusion of 75 ml 
14 333 160 
15 354 2+ 160 
16 379 2+ 160 
17 402 2+ 80 
1 420 ± 0 
21 49 Neg 0 Neg 0 
* Sampling time refers to the day or cumulated hours after the start of transfusion tba.t biopsy and 
blood sample were obtained. A blank space in the experiment columns indicat.e that no sample was 
obtained a.t that time. 
plement ((3"1 (3,.) was not detected by direct 
i=unofluorescence. 
3. Although t he degree of binding of antibody 
appeared t.o be equally as intense as that ob-
sen·ed in humans with disease, no clinical or 
histologic lesions were obsen·ed. 
4. Trauma to the skin during the peak of 
antibody binding failed to produce an intra-
epidermal cleft. IDtraviolet irradiation caused 
erythema with a lymphocytic infilt rate but no 
evidence of an acantholytic blister. Injection of 
collagenase or elastase caused a definite infiltra-
tion of polymorphonuclear leukocytes (PMNL) 
and in animals injected several days prior to 
t ransfusion, a subepidermal vesicle developed. 
Topical application of SLS caused a slight de-
gree of dermal infiltration with PMNL, and ap-
plication of DNCB caused a moderate infiltra-
tion with lymphocytes, but no blisters were ob-
served. Similar cellular infiltrations were seen 
in the control animals. 
5. The titer of transfused antibody fell at a 
rate that might be e>.-pected from i=une elimi-
nation alone (5). It is impossible to tell from the 
data whether or not binding of the antibody to 
the intercellular spaces resulted in a more rapid 
fall of titer. 
6. Some antibodies seem to bind more strongly 
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Fro. 1. Biopsy of monkey skin (ex-periment 1) prior to transfusion. Stained " ith fluores-
cein-conjugated antihuman IgG. 
FIG. 2. Biopsy of monkey skin (experiment 1) 18 hours after transfusion. Stained "ith 
fluorescein-conjuga1ed antiht•man IgG. Binding of antibod~· he tween cells of tl1c first t" ·o or 
three layers of the epidermis. 
than others under these exper.imental situa lions. 
E:,:periment 2 showed negligible binding. This 
probably was not due to differenees in monkeys 
since the same animal used in experiment 2 
bound antibody ,·ery well when transfused with 
plasma from another patient (experiment 3). 
7. The ultimate titer of circulating antibody 
i- not as dependent on the amount and titer of 
plasma transfused; that is, in experiment 1, 50 
ml of a 1 : 320 titer plasma resulted in a monkey 
titer of 1:160 ; in experiment 4, 100 ml of 1:1 ,280 
titer plasma yielded a monkey ti ter of only 
1: 160. 
8. Only in experiment 1 was t here a simul-
taneous fall to negatiYe or zero. re-pectively, in 
both direct IgG biuding and circulating titer. 
9. I n the three monkeys so tested, precipi-
ta ing antibodies to the transfused plaSllll1 de-
veloped within 7 to 10 days as determined by 
double diffusion in agar. 
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Fla. 3. Biopsy o( monke~; skin (experiment 1) 42 hours after transfusion. tained wit.h 
fluo rescein-conjugated antihnman IgG. More intense staining than at 18 hours. In addition. 
the an tibody app ars to haYe penetrated to a higher level of the ep idermi s. Serial section-
ing r \·ca!ed that t he portion on the righ t was not the edge of a bair fo llicle . 
F1o. 4. Lo\1--pm,-er Yiew of b iops)· (experiment. I ) at 42 hours t<> show biudin~ to inter-
cellulat· paees of :l ppendages !lS well a to epidermis. 
CO!'.l:MENT 
Le,·er (6) w:~s the fi r.•t. fo apprc<"i:lfe and de-
-cribc the histologic rliA"errn<"es bet,\\·cen pcmphi-
e;us and pemphigoid. ~ome JO years lat.er Beut-
ner and Jordon pub li~hPd 1 heir antibody studies 
(7). Interestingly, th r ,erum :mtibndirs in pem-
phigus were directed lu 1 he inlrrrellular spare. 
the site of form:~tion of 1 he aca.nt.hnlyi ir, intra-
epidermal vesicle, whcrca." Lhe pemphigoid anti-
bodies were specific for the ba~!'ment mem-
brane zone in the aren of form:J tion of the 
subrpiclerma.l vesicle. 
In addition. IgG has been found in t he inter-
cellular a reas of many, but not ali . patients with 
pemphigu b~· di rect im.muoofiuorescent stain-
ing. This suggested t hat. the circulating anti-
bodies were capable of fixation to their homolo-
gous antigens in vivo . Io the present stud~·. such 
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Fla. 5. Biop.;.r of monkey skin (experiment 1) 9 da,,·s after tra nsfusion. iaiued with 
fluorescein -conjugated antihuman IgG. Tbe intensity of stain ing has faded r·on idcrably. 
in vivo bound IgG was detected in biopsies of 
monkey skin e1·en at t imes when antibodies were 
no longer detectable in the monkey serum. These 
observation-, therefore, aS::."'Ume considerable im-
port and add further e1·idence fo r the ability of 
these antibodies to react in vivo. 
I t is relatively easy to speculate that these 
antibodies are responsible for the lesions in the 
resp ctive diseases, but definitive evidence is 
difficult to accumulate. Recent studies ha,·e 
demonstrated that "pemphigus-like" antibodies 
are found in the plasma of burn patients (8) . 
In these patients the inciting event is obvious 
and the antibodies probably represent ho-t re-
action to an altered antigen. In the present ex-
periments, the ~ontact uf antibody with the 
antigen in the intercellular space lasts only a 
few days. It may well be that binding is re-
quired for a much longer period before disease 
develops. The current pursuit of th pathogene-
sis of pemphigus and p emphigoid is reminiscent 
of t ha with allergic encephalomyelitis orne 
years ago in which transfusions of serum anti-
body failed to produce lesions and t he disease 
was later demonstrated to be cell mediated (9). 
Autoimmune thyroiditis i also characterized 
by circulating antibodies but the role of cell-
mediated phenomena is not settled ( 10). We 
were encouraged, howe\'er, by the studies of 
Lerner and associates (11), who found that se-
rum of patients with glomerulonephritis could 
t ransfer renal disease to monkeys. On the other 
hand , we haYe not been able to t ransfer bullous 
pemphigoid to monkey in a study identical to 
t he pre ent one (12, 13). Thus, it is not sur-
prising that experimental efforts to transfer 
pemphigus to monkeys \'ia pemphigus serum 
also fail . Nevertheless, the obsen ·ation that se-
rum antibody titer correlates wit,h disease ac-
t il'"ity in pemphigus (14, J5) suggested that the 
ant.ibody might be causatii'C in this disease. The 
serum antibody tilers that are measured are 
eompo·ed of se1·eral antibodies of different bio-
logic properties and possibly they are related to 
different antigenic determinants. I t may be that 
the pecies of antibody that, causes the disease 
is already bound to the intercellular space and 
that the circulating antibody, which is measured 
and passively transferred, is not responsible for 
production of lesions. Proof of this alternatiYe 
would involve eluting antibody from the epithe-
lium of patients and using it for passive trans-
fer . 
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